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‘lIIc prinlary  c a u s e of llK\gnetic  storIns m’ i n t e n s e . ]ol):-(]lll’:l(  iOIl SOLlolW:ll’d  il)(~l’p]:lllC(  ill”}

nlagnetic ficl(ls which intcrcmmcct  with the catlh’s  IIl:lgtmtic  field arid allow solar wind energy

tl”illlSl>O1’(  ill((~tllc  e:~r[tl's  lll:igtlctot:\i  l/lll;igt]ctos13  tlctc. It is the purpose of this papcl  to review the



SOII1”CCS  Of SllCh irlkrplanct:~ry  lll:\g[)c(iC fic]ds  (Iistillp,llis]lirlg  I>ctwccn  (hc S01;11” m:ixilllllnl  1111(1 thC

declining phases of the solm cycle,

solar  A4mlImlm

Ihlring the lnost active phase of the sol:It cycle, solnr nlaximunll  lhc s~ln’s :Ictivity  is dotnindtcd by

flill’CS  :111(I  (iis:tppcaring  f’i]amcn[s,  N](I (Ilcir C[)llColl)it;lll(  C;OI’011:11  h4:lSS I ijcctions  ((;h4}  ;S).  C’OII)II;ll

]1O]CS ;II’C ]M’CSCl)t,  but  t])c }lO]CS  [WC SIH:I]] all(] (10  Ilot CXtCI)d f l ’ o i l )  (hC 1)0](?S t o  tt)C C(lll:l(ol”  :IS Of(CIl

h:lppcns  in (hc  dcscel)(iirlg  pllasc of (Ile s(>l:ir CyCIC. ] ]owcvcr, G(Jn7;ilcz,  c1 :11. ( 1 990) ;LIld llr:t~’o  c[

al. ( 1996) have in(licatc(]  possible roles for [llcsc  snl:l]l  corona] ho]cs. WC I“cfcl ttlc 1’CXICI”  [0 tllcsc

:Ir(iclcs  for fLIr[l]cr cict:tils.

‘Ih’ pril]ulry  pall of the s[)i[w ejects nlight cot)t:lins a so calltxi  ]n:l:,nc(ic Clou(i (l)t}l’l~t~il  Ct ai. 19S 1:

1987; Kicin  aIKi Hurlaga, 1982; 1,cpping  et a]. 1 990; l;:lmlgia ct al,, 1993 a, b). ‘1’JIc jll;l~tlctic

clou(i  is a Icgioll  o f  s l o w l y  varyirlg :In(i strong ]ll:ip.llctic  ficl(is  ( 10-25 n’]’ 01 hip,hcr) w i t h

cxcc]ltion:~liy  10\\~ ])li~Slllll bCtll,  typic:ll]y  -(). 1 (C;hOC Cl {11., 1 992; -1’slllut:ltli  wl(i (i01)Xllc7,  1995:1:

(his is particular nicely shown in l;arrLlgia ct ai., 1993il,  l;ig,urc  4). ‘1’hc nmgnctic  ficl(i often h:h :1
1101’tllJto-s(lLl[j)  (or vice vc]sa) ~ot:lti~ll  to it (]Ji:,LIIc ~ :II~(j is c]oIlg:IIc(]  :1]011:  its axis, fornling a
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O(bcr tlllcc-(lill]cllsiO1l:ll  SIM]XX,  such as spherical, tm(~i(lnl Or cylindrical forms, httvc bmn

Cxplmd  :1s well (Ivanov et al., 1 X9; Vmlds  et Ltl., 1991, 1993; ];arrLip,ia et al., 1995). Simpk

c(~l]fi~,llt;lliol~s  such m (be so called “ma~wctic t(Hl~LICS” pl”oposc(l  by Gold ( 1 962) have bccll

sollglll in tl)is stuciy,  but were nOt j’c>lln(i  it] the IS III1-3 1978-79 (ia(a set.

A classic cxan]i~lc  of a nmgnctic  storll~  cirivcll  by a nlagnetic C] OLICi is shown in l;igLlrc  5. ‘1’hc

forwwxi shock is (ienotc[i by an “S” Wl(i avcrticai (iil\llCCi  line in ttlC l;igure,  illl(i  [k Stint Of tilC

lmywctic  cl(miby asec(mi  (iashc(i verticai  line. ‘I’llc]llcsllc~ckccis  c>l:\r\\’i~~(i  specci  is --M)() km s“]

an(i the ]mst Silock  spceci  -Ssokm s-’. ‘I’llc]l];l~[letic  ficl(ii[lc]c:iscci frOm -6 n’1’ 10-22  11’1’  aClOss
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thL’ shock. llccause  117- 0 in the shca(tl,  IIlclc is no iIIcIcascd ring current activi[y associa~c(]  with

tl]c sheath fields.

‘1’llc ]Jlasma  dcllsily incrc:iscs from 5 cnl”3 to >40 CI11-3  across the Shock. 13ccmsc of (his (Icnsity

(and velocity) incrcasc  across the. shock, (hc incrrascd  r am p re s su re  cxcrtcd on (}]c  cw(h’s
.

Ill; l~lICtOSJ)]lCl”C,  PV s<l,, causes  a sudden  coI))]wcssion  of Ihe Il]:l:,tlctos]]l]crc  d a positive jun)p in

the hot’imntal compomnt  of the c(ltl:ltoli:ll-lcg,ic)ll  field. A posi(ivc jllmp it] 1)s, is no(cd at the (ilnc

of the shock. “1’his  is a sucl(lcn inlpLllsc  (S1 ) et’e]l(. SirIce the S1 is eventually followc(l by il storil~

milin  ph:m, it is called a storm sudden CC) IIIIIIC.IICCIIICII[ m SSC1 (ho\vcvcr, it hits I)ccn :itguc(l

[Josclyn [111(1 ‘I”sul”llt;ll)i,  1 990; GOIU:IIC7,  cl ill., 1 992] tlmt this lat(cr tcrlll i s  W) :lltil~ci:il  labc]

bCC:lllSC lhC p h y s i c s  of :J s] [1’:1111  prcssllIc  illcl’C;lS(’]  is itldcpcn(icnt  of Wllc(llcl  it is follolvc(l”  by L1

stotlll  main  phase or not).

]t ShOLIld bc noted that  the SOLI[]IW;Ir(l  tlll[}ing of (tic ] M} \v:Is {It>rllp[,  ;III(I aflcr the milxilnlll~l  11~

\$’ils  re:lchcd,  13s was Colls[al)t  for Scvcml 11OU1S  ;md they slowly :Nl(i smoothly  K)t; ltc(] [0 :1

1101’Ltl\V:tId  dirccti~n,

‘1’IIC  S101’111  rccovcry phase is illi(iatcd  by a gradll[[l  tullling  of the IM1+’ to a Ilor(llw:u’d dir~’ction  frotl]

1 (loo” (1’1’ diiy 354 (O 1400 (1’1’ (I;ly 355. ‘1’hc rccovcry  stwls m the ficl(l  bccomcs  less sout I] NI:IKI,

is st)loolh ;ind the I/c time scale is a frwtio]l  of a day. 11’LIr[hcr (liscLlssions on [hc cotlfi~,lll:ltic~ll

an(l cvolutioll of lnagnr tic C] OLI(]S NI(I (Ilci[”  gcocffcctivcllcss  c:ill I>c.  foLlll(l ill :1 colllp:lllioll  ]I:Ipc[.  b!{

I;arl ll~,iu ct al. (this issue).

‘1’W() of the mechanisms lca(t to (he illtcIlsific:lti(Jll  of Ijl:tgnclic  fic](ts, inde}mn(lent  of Whctllcr  they

arc Orietltc(t  ill :L noI[ll\\JaId  Or a SOU(IIWIIY(I  (Iirc.c[loll, ‘J’j Icy arc S}lOCk coIll]>Icssio[l  t]), (Iiscussc(l
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pl’cvimlsly, :11)(1  (1) (h’api Ii:. 111 thC fO1’lllCl’ mcclmrlisln, the shock c(~mprcsses  both IIlc lllil~l)el ic
t-icl(l al)(l plasm. 111 tllc la[(er mcchanisln  (Mi(lglcy  and l)dvis, 1 963; 7,\va11 all(l wolf. 1 976),

draping of nlttgnctic fields ntoun(i a lmgc obicct (in this case, the solm ejccm)  lca(ls to d squeezing

of ]Jlllsllla  otlt  the ends of Ill:lgnctic  flux tubes. Although the dynan~ic pcssmc (112/8n  -t >. Nik’l’i  ) is

nulintaillc(i  across the WIIOIC  sheath, drapitlg lc:I(Is to 10\vcI b~’td  plasInw  mld thus llighcl  field

strengths. ‘1’hc so-called “plasm:]  dcplctim l:tycl”  .diaccnt  to the cart}]’s  m:igtlc[opimsc  is a simple

co~lscqtlcncc.  of this effect, and shotll(l bc present to so]nc dcgfcc  neat (hc shcat]] stagnation Jmitl(s

at ;Ill Intf.c obiccts  lvl)crc lllagnc(ic  draping occurs (I;arrug, ia cl al,, this issue).

‘1’llc 112 \’alllcs itl t h e  s h e a t h  region bchin(i  tllc sl)ock arc fllmuatins,, bu( prilmrily  dircckd

so~]tllwiid from the shock ull(i] 1600 11”1’  clay 250. ‘1’hc peak 1)$ value of - -20 n“]’ is rcachcd :It
--]~(jo ~J’1’ (j;ly  249 :~])~] ~}]c  ]Ic+ ])s, of -280 11’]’ SCVC1’d  ] 1 0 1 I 1 ’ S  ]:ltcl. ‘1’hc  mcchmism  for [IN

soutll~vlird  cOI]lpOIICII( ITl;l$llctic  fjc](ls c;illsillg this S(OIH1 ;uc shock compression plus possible

cffccls of(lraping.
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‘J’able  1 indicates that solar cjccta  lcd by shocks (10 no( allv~~ys C;lUSC intense (1)s, S -]()() 11’1’)

ll)ilgI)C[i C S10]111S. stLldics Llsing  tllc lSlil i-3 1978-19-/9 (I:lta i])diCil[C  tll:lt 0111~  OI)C OLI( Of C’\’C’l”J’ six

sol:ltciccta  (] 7$%) :11’C  gcocffcc(ivc ill c~~llsillg  in(cnse  stol”l]}s  (’1’surl}tani Ct ill., 1988 b). l;lO1ll 57

fi\St SO1i\l'  CjCCtii  C\Cl)(S,i  t\\~:lsf  ()llIl(lt  }):ltS()Ill(`O  f(]) CC\ Cl]tS(l  i(lI)O(l)  ;l\CSll  l)SlilIl[i:l]fl~,  OtllCl'S  I)il(l

l:llgcllS\  ~illtlcs,l  >Llt\\~clell igl~lyfl LlctLl:itirlg(;  il)c)lltll,  = on’1’)intimc. ‘1’h’ impalmt point  is tllill

tllcy did not have 13s> 1011”1’for’l’>31~(~l11s.

.Vismms ltlteltlgtiot~

‘1’IIC C;ll”ttl’S  Illil~I)C10~)2111SC  C;lll  tlbSOll) S01;11’  wind C1lC1’$Jy Illlollgll  tllC f l u i d  iiIlill(lLJy  ()] ;1 \’i SCollS

intcj  :~ctiol]  (Axfmd and IIincs, 1961 ]. Mm s})ccific:llly, ]]]echilllis]]]s  SUCb :Is [I]C K e l v i n

1 lC’llllholt  Z instability (f ’:11’kt’l’,  1958, ‘1’illll{lo, 1 965; C~tlCIl  :Itl(l I Ii\ SC~iiWii, 19-14  ;soLltl)\\J()()c\,  1908,

1974) 01 Illii~llCtOSl)Cil(b  Cross-ficl(l  diffusiotl  (lllt’ to I[);lgllCtOp:lllSC  1)[)1111(1:11’y  l:lyt’I  \Vil\]CS

(’I’stllllt:lr)i;  lI)(l’J’tlorl)c,  1982;  Gendrin, 1983;  ”l’hoIm  :tll(l’1’sLllLlt:tlli,  1991) ,  :ucpossil~lr  w:iys to

itljcct  solarwind  energy into (hc llli~gllctos]~llclc.

At] ~Ippcr lill)it  of the  ef f ic iency of  solar wind cnclp,y  ncccss  \o the III:I~IIctos]>l)  cIc b;is t)ccn

cxplold  bycxllmining intervals where tbc r)or[bcm IMl; componcn(  11,, > lon”l’iltd ‘1’ > 3 hours.

‘I’l)CSC  ill(Cl’J)]ilI]Ctill’y  conditions  :I]low  rcconnec[iol)”  l)Ct\VCc’[1  tile IN’II; i\ll(l  tcrwstrial  f i e l d  tnilwml



of the ctlsp (e. g., I)ungcy,  1963;  Russell,  1 972) heilcc j~lst]fying the state lncnt that (Ilis is at] upper

lilllit  calculation. ‘1’hc actLml  efficiency value  Il)ig,ht  bc lower. Withou[ going ttltc}Llgt] the

(Icmonab]y  simple) clelai]s of (hc ctildations,  the conclusion is (hat -1 to 4 x 1 ()”3 of the solar

wind r:ull energy is convc.r(ed [0 IIltigllctos]>llcric  energy in t}lc fol’in of auml’a] pmliclcs  ellel”~y,

Jo~Ile hcuting, or ring currcn( pw(iclc energy (’1’sumtani  and ~ion~,[i]ez,  J 9951>).

‘1’IIC  efficiency of solar Wjn{l CnCIgy injection dllrin: IIlagr)ctic  rccol]ncctiorl  C1’erl[s  such as

sul)storlns {tnd in(cnsc stoIIIls is 5- 10% (Weiss et al., 1992, Gonz[i]cz  et al., 1989, rcspcctivcly~.

‘1’I)C illtclcc)lll]>:~l”isc)l]  of these nu]nbcrs  indictl(cs  th:((  viscous intcr:(c(ion  t\J)])C2ilS  to be not I11OIL’

tll:ln  l/l(K)tll  to 1 / 3 0  m cfficicnt  tl)m lnap,nctic  Icconi]cctiol). ‘1’he highest solar wind slmd event

C’vcr dc’lccld (Vs,v > 1500 km s-’, ALigLIS(, J 9’72) l]m also been studied for this cl’feet. “1’IIC

cfl’iciency  of viscous in(eldction \vas found to ]la\Jc :[jll)lclxilll:\tcly  tllc s:~nlc \’altIc  for Illis event as

w]] (’1’suru[ani et a]., 1 99?).

]t Slloll]d bc noted that nor[])w:lr(] I]z intcrva]s satisfyit~g  tllc  lIZ, <-10 n’1’ and ‘1’> 3 hours criteria arc

of(cn found to be a portion of a nngnctic clod. ‘1’}11}s. since mn:.nrtic clouds oflcn ha~c south and

tllc]l nort}llv:lrd m:lgllclic  field  olicn[:ltions (or vice \TCIs~\),  clouds of[cn cause m:i:nctic stortlis

followc(l  by geomagnetic quicl (or vice vclsa).

1[1 coI)tIas[ 10  so]ar  maxi]llllnl,  where  coronal  ho]cs arc not very ilnporlan[  during  [his J)lImc of ttlc

SOI;LI  Cyc]c, t]]c  illtcl’])]:lllcl:lly  ll)cdiLlll) is (Iolninatc(]  t)y ttlc  cffcc[s of ]L1l’gc  coronal  hC)l  CS :It tk’ S1111.

‘1’llC  polar  corona]  ]m]cs extend  fr~ln  []IC pO]:II regions  (iOWII  [0 [ilc  cqLla(or  :LIICI s{>mctilllcs  e v e n  f:{l

])ilS( t]lC C(]llittOl”  (SCT J2cksoIl,  t}liS ISSIIC ) . CWonal  holes  arc  low tcll)pcrdlurc  r e g i o n s  abo\Fc  tl)c

sun. obsclvcd in soft x-lays  (’1’ilnothy  ct :11, 1975). “1’hcy ate arc:is of opcl] magnetic field ]incs.

lllysscs  11:1s sllowJI tll:lt  ]IO]CS :Itc regions of fns[ S[[C;IIIIS witt] velocities of 750-800 kln s“’

(f ’]lil]ipSC[:l],, 199d):lll(]  :ll’C(iOlllill:\tC({  ~)y]:ll’g,C  :illjpliludc’  Alfvtfn  \vil\7Cs  (’1’SllI’ll[ill)i  C( d].,  ]994,

1996; llIIl(Jg11ct:il.,  1995; ~mithct  ii]., ]995a,  b). ‘1’]N Alfvdn waves :L1’ccolltirlllollsly  pl’cscnt  in

[IJC nigh vc]ocity stienms,

l)llril]g tllc(lcscclj(lillg  ]>]l:lscoft}]e  sO]:ll’Cyc]c,  W]lcll tllc }l{~]cs n)i:l:ltr  doWn to IOI\Cl”  liltitll(lC  ilS

“f irlgC1s”, tl)C StI’CillllS  c r e m a t i n g  fI”Olll  (11C hOIC’S  “CO1’ot:ltC’”  ;It -27 day intctvals  (as seen ilt tlw

]ial’(h), :Itld  thus p]asma  fmm these s(t’canls  impin:,c on Ihc ]im’111’s  lll:l~,tletos])ilel”c  0[ pc’1’iodic

in(crva]s and cause rm.urrent gconl:i:llctic  s t o r m s  (llurla~:I an(l l,cpping,  1977:  ShcclL’y  ct a l . ,

1976,’ 1977; nurlag,act  d., 1978).
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1 li~h s]m.d s(rcams emanating from ccmmal  holes can crc:itc  in(ensc  mqg~c(ic fields if the SIICMM

itltcmt  with stream of lower speeds (Bclchcr  and 1 )avis, 197 1; l)izzo, 1 985). A schematic of

such nn in[cractiol) is givcll  in ];igurc 9. “1’IK magnetic fields of the sloivcr spcc(i strcatll ;tt’c mol”c

CW1’vcd duc to (}1c 10WH speeds, and [}K?  fic]ds  of the higher speed stk’m m’ mol’c dial bcc:lusc

of tllc higbcr speeds. ‘]’hc s([”ct~lll-stt’c  ;llll  in[c’t~,lcc  (] ];) iS the boLlndMy  bct\vccll  t]lc s]o\v  Stlcwm

:11)(1  fast strc;iln  plasmas and flclds. Sif, niflc:mt  angular  dcflcc[ions  irl vcloci(y  cm occur at 01’ ncw

this region (see l’i~,zo,  1 985),

Antismwad  of [k 11: arc the compressed ~\IKl  i\cccl~~i\[cd  S1OWCI  spcc(l plas]na  :in(l fields. IIcbind

tllc 1 f; ale the com]msscd and dccclcmtcd hi:.h speed  s(tcam pl:tsmd and f i e l d s . At ]qc

]lC]lOS@lCliC dlShl)CCS  (> ].5 AlJ), WhCI’C t]lCSC  Col”ot:llill:”  S(l’llCtlllCS [UC WC]] dC~C]()]>Cd,  t]lC~  ;U’L-’

botln(lc(l  by filst forww’(1 (1$) and fast 1’CVCI’SC  (}<s) Shocks. ‘1’his OVcl”illl  Stl’llC(LII’C \\’W first folltld

ill lhc l>ionccr  10 and 11 data  a[ld were Ili\IllC(l  (Iorot:ll  il]~,  lllLC1’ilC[iOll  Regions  (C;ll<s)  by Smilh  tllld

Wo]f (  ] 976). SCC a]so }~LII”]:Iga  Ct a]. (  ] 985). A s  f:lt’  a s  :comd:nctic  storlns  arc  Collccl’llcd,  I]IC

important fca(urc of CIRS is tht they NC clmractcrizcd by intense ]~~:ignctic  fic]ds. ‘1’hc intensities

Cilll  lCilCll  ’3011’1’.

At] CX;IIHJ)]C of a }>~]~ and its conscqLIcl)(ia]  ]l)a:nclic  storjn  a c t i v i t y  i s  shown  in ]:igllrr  ] (). ‘1’])is

cvcl)t  is (vpic; l] of [I]c CVCIIlS  stll(]ic(l  for the ] 973- ] 975 C])(X1I  wllCrc  t\VO cmmting  Stl’Cilllls  (fl”ol]l

two colmal  ho]cs) pcr solar cycle dominalcd  illtct[~l:ltlct:llj~  activily.

“J’hC llllLlSL121]]y  bi~h p]as  Ina densities of> 50 CID-3  at t}lc beginning of [Itiy 25 iS intl’insic  to the s]o\\’

sol:Ir  wind  IIC;II” tllc  hc]iosphcric  CLIIICI)t SIICCI  (1 l(~S),  (hc rcg,ioll  scpitdting (llC I)oltll illld  SOlltll

hcmispbcm  hcliospbcric  mgnc(ic  ficl(ls. “Ibis bi:,]l  density plasm has been c:tllcd  the 1 ICS

])lllslll:l  StlCCt  by WilltCl”llitltCI  C( al, ( 1  995). (1 Iowcvcr,  1 ,cppin:i, Ct :\]. ( 1  996) ll(~tC  tl)ill t h i s

plasmashccl  may not  always bc pmscnt). ‘1’hc 11<:S is identified by a rctrcusal  in (hc f’akcr  spimt

dircctio[l by -180°  or a simultmcom IcvcM:d in the si~,ns of bo(b II, and l]}. SLIC]l  ;~ l’C’VCl’Sd C:ll)

i)c Iiotc(! at -2200  LJT day 24.

‘J’llc  higl)  density plasma of the 1 1(X p]asll)a  sheet caLlscs  the “initial phase” of the magnetic storill

noted in the bottom panel. Note that this “phase” O f  t h e  Storlll  is CaLISC(l  by illtCI’l)]illlCt;  ll”~
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‘]’bc I’(UIR is ms]ml]siblc for the lnain phmc of tlw n):lgtlctic  stolln. ‘1’}lc I’cve[’se Shock. flcI’oss

which  tllc  field  dccrcascs  LIr:llll:l[ic;ll]y,  ]C:IdS  to the slwt o f  the rccovcry  pbasc  o f  tbc m:if,nc[~c

stolln  wit]] a dc]ay  of about ] ]1OLII. W C  llOtC, llO\VC\’C1,  tkt thC stoltll Itlilill phMC is SOINC\\’ll:lt

irrcglllarin  profi]c  and [hc pc21k  ill[cllsity  i s  OII]y ] ) sl  -. -70 n’]’ (this is m the Llppclcl]d of s(onll

stlcI~p,(l]( listribLl(ic~Ilc  lllril~gt  ]lis]>]l:lsc of the solar cycle). ‘1’hc cmsc of this is in [he chamclctof

IIy, within tl)c I}c]]t. ])7 i s  ]lig]l]y ijLlc[Ll:l[illg  t]lmllghoLlt  tbc ill[cl’vtll.  ‘ 1 ’ h e r e  may be :1 nt’t

solllh~v:lrd  colllpc)llcll[  wi[]lill  [}lc I’c]l<,  bllt []lis  is :Iccol])p[ln]cd  by a luucb  lal’gcl’ f l u c t u a t i o n

mpli(ll  (k.

Whytu’csuch ftLlctLlatimls  present?  One possible answer is scllcmnticd]y  shown in l;i~,Llrc  9. If

llyf’lLlctlliitic)lls  (Alfv~t~  waves) :itc ])rcsent  ill tlw hip.}]  speed  strc:~lll  pmpcr. [I)cn tllc dccclcra(ion

and conlplcss  ion duc to pass:igc tllmu~,l]  tllc ]cvcmc shock umld lead  (0 amplificlltion  of sLlcll

oscillations. (Jlysscs KSIIILS (rl’suwtani  et ill., 1995[1) am consistent with such a sccnwio.

l:igurc 11 sllo\vs tllc gcoimg,nctic xlivity  during 19-/4 W]lCI1 t]lclc were ttvo comta[ing streams

(pCr27 (l:\ysoltll  lot:ltioll)  ]>tcscllt. ‘1’he 3 s[onns  where  1)s, < -100 n’1’ were caLIscd  by fickls

:Issociatcd with solar ciectll  events and Ilot by the comt:ltin~.  strc:tlns. ‘I’tlll S, the comtating  Stl’c’allls

:II”L’ lill’ ICSS gcocfl”cctivc  itl crca[ing intcllsc  or lnocl(’mtc  nldgnctic s[orll)s.

A su]lllnary of ttlc gcoeffcctivcnc.ss  of 1K3Rs is givcl) in ‘1’nblc  4. l“bis \vas dcl’ivc(l  fl’om :1 SllbSC[

of tllc 1974 dots set, Si}nilar  studies Ill]vcbectl  pclfolll)cd  on the 1973 and 1975 data, with  similar

results.
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]!~8], tk Wlllud Al; Y’dUCS  WC1’C  2 2 1 ,  ]80 and g~? H’]’. ‘]’]lC 283 n’]’ V: I]lIC for 1974 \l’:1$  ]w’~cl’

t]l:lll  Zllly  Of thC SO]:lt IIITYjIlllllll  YCN”S.

A(kII()\ISl(~[l<q)  )I(~IIt,Y. Wc woLIld like to acktmwled~,c  the cxcclkml  comments pmvidd  by two of

tl~cmfcrccs,  ~. J. l;atrLlgia and ft. I’. l,e~)ping. l’ol[iorlsc~ftt~is\~c~rk were pcrforjncd at the Jet

l’1’o])Ldsion  l,dmlatoly, CMifomia institute of ‘J’cclt[]ology,  l’dsadcna, under conlm(  with the

National Aemnau[ics and Spcc  Aclll~inistri\(ic~ll.
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}’lGIJRI; ~Al)’l’lONS

I ‘if,Llrc 1. Rc8ions  of intense in(cq~lanct:try  magnetic fields during solar maximum. ‘1’1 and “1’, :llL’

two ty]ws of satcl]ite crossings of the illtcll~l;ltlc(;ity  stmcturc,

}(i~),urc 2. “1’ypcs of solar ejccta  magnetic fields.

f;if,Luc3. Atlcx:illlj]lc  (Jf:~coroll:il  lll:lss  cjectiol~:is  scc1litl:i  white light

(lllrillg  tl~c Sol:] tM:lxil~~~lI~]  Missiol~(cc)ll[  (csy()lA. IIundh:luscn).

l:iflurc4. A1~ex:il~~]>lc  () f]>ossiblc  Icl~~l~:~l~tso  ftl~c``l>li~l~t  l(~c~]~s’’ lc~,ioll(  of:~{;h4li)  followed by ii

m:lf,nctic cloud (t:kcn fron)Galvinct  al., 198-/).

l;if,urc 5. A classical cxamp]e of a nmgnctic  storm driven by a magnetic cloud.  “1’lK vcrticill

dashed line labc]cct  by a “S” indicates the presence of a fdst forward shock. “1’hc \’ct[ical d:islwd

Iinc to the right indicates the stall of tbc magnclic  cloud.

l:i~,urc  6. ‘1’ypcs  of “shcdtb”  magnc(ic  field stmcturcs.

1 ‘i:urr  7. }iXillll~)lC  of a magnetic stem ciiusc(l  by shock compression 01 i[llc]l>lilrlct:lly  }1s fields..

};i~lurc 8. Schcnwtic  of irltel})l:\llct:lty-lll:lgtlctos]Jllclc  couplin:, shou’ing  the  energy  injcc(ion

Incchanism  into the nigbtsidc  Ill:lgIlctos])llerc.

IJi:lll’c  9. Scbclllatic o f  tbc forjmtion  of corottl[ing  intcl-;iction  regions  (C; lRS) durins.  tllc

descending pbasc of the solar cycle. ‘1’he conq>rcssion  of pldsma  and magnc[ic field iluctmtions

ill’c nlso shown. “Iaken  from ‘1’slll”lltani  et :11.  ( 1 995a).

1 ‘i~Llw 10. l{xamp]c of a P(HR and associated gconl:l~nctic

fmm ‘1’sill’lltmi Ct al. ( 1995b).

activity, typical of 1973-1975. “1’dkcm

l:igwe 11. Geomagnetic activity indices for 1974.
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Aug 1978- Ott 1982

1 171  Shocks

191 CMES

62 Shocks with CMES i

Big storms 8s K&9 (D,. == -200 nT)

Intense storms KP=7 (-200 nT s D,, s -1OO

Association
100% shocks 90% CMES

nT) 8070 shocks 80% CMES

Moderate storms 5< Kp <6 (-100 nT s D~Ts -50 nT) ~t)~o shocks 4070 CMES

Shocks or CMES 15% lead
40?4 lead

Shocks and CMES 50% lead
70?4 lead

Association

to big or intense storms
to big, intense, or moderate storms

to big or intense storms
to big, intense, or moderate storms

Table 2
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.Regiolls ofir~tense ir~tcrl>l~lrlet:lry  magnetic fields cluring solar nu~xirnurm “J’l anti l’? m

ypcs of satellite crossings of the irltel[)lillle[:lt}~ structorc.

}:iy,ulc2. l’ylJcs ofsolar  ejectalllLlgrletic  fielcls.

I’ig,urc 3, An example of a COrOna] mass ejection as seen in a white.  light chronograph image taken

ciuring the So]ar lMaxinlLlm  Mission (coLIrtcsy of A. I]uncihausen).

}:igutc 4. An cxampie of possibie remnants of the “bright ioops” region (of a ~MI;) foliowe({ by :1

magnetic c]oLId (taken  from ~la]vin  et a],, J987).

I;i~urc 5. A ciassicai cxalnpie of a masnetic  s[orln ciriven by a magnet ic  C1OUCJ.  “1’he vcr[ical

dasilui  line Iabcleci  by a “S” indicates tllc presence of n fast forward shock. ‘J’he  ver[ical ciashcd

line to the right  indicates the start of the nlz:nc[ic  cloud.

l;i~,ure  6. q’ypcs  of “sheath” magnc[ic  ficlci strLlcturcs,

}:i~,llte 7. [;xamp]e, of a nlagr]c[ic  st@rrll  CaLISCCi by shock con’lpr’ession  of irl[erp]anetar”y F]~ fiC]CiS..

l:i~utc  8, Schematic of irltcr~jlarlet:lry  -rllagrletos~)l}  crc coupiingt showing the energy injection
mcch:inism  into the nigh(siclc  nlagrlctc)sphcrc.

l;i~Llrc  9, Schematic of the formation O( cor-otating interaction re~ions (CIRS) ciuring the

ciescenciing  phase of the soiar cycle. l’he corn~~r-ession  of pi;isnl;l ;ln(i  n):l~rletic  fieici  flLlc[Llations

arc also shown. l’akcn fron) “1’sL]rwt:lni  e[ al. ( 1995a).

l;igLwe JO. l{xampJe of a P~lR and associate(i geomagnetic activity, typicai  of 1973-1975. Takn

f r o m  ‘J’sLlrLltarli  et a]. ( 1 9 9 5  b ) .

I’igLwe  1 i. Geomagnetic activity indices for ~ 974.

1 ‘igLwe 12. An exarnpJc of a recover-y phase of a magnetic storm during a 1111 .I)CAA intervai.
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.

Driver Gas Fields

a) First version of
magnetic clouds
Klein and Burlaga, 1982

b )  Fluxropes
Burlaga et al., 1990

c) Magnetic tongues
Gold, 1962

Figure 2
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. Sheath Fields
s

a) Shocked southward fields
Tsurutani  et al., 1988a

b) Heliospheric  current sheets
Tsurutani et al., 1984

c) Alfven waves and turbulence
Tsurutani  et al., 1995b

d) Draped magnetic fields
Midgley and Davis, 1963
Zwan and Wolf, 1976

e) Field draping
McComas et al., 1989

f) Equinoctiai  BY e f fec t
Russell and McPherron, 1973

g) Fast stream-HCS  plasmasheet
interaction
Odstr&il, 1996
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